Optimising paediatric afferent component early warning systems: a hermeneutic systematic literature review and model development by Jacob, Nina et al.
1Jacob N, et al. BMJ Open 2019;9:e028796. doi:10.1136/bmjopen-2018-028796
Open access 
Optimising paediatric afferent 
component early warning systems: a 
hermeneutic systematic literature 
review and model development
Nina Jacob  ,1 Yvonne Moriarty  ,1 Amy Lloyd,1 Mala Mann,2 Lyvonne N Tume,3 
Gerri Sefton,4 Colin Powell,5,6 Damian Roland,7,8 Robert Trubey,1 Kerenza Hood,1 
Davina Allen9
To cite: Jacob N, Moriarty Y, 
Lloyd A, et al.  Optimising 
paediatric afferent component 
early warning systems: a 
hermeneutic systematic 
literature review and model 
development. BMJ Open 
2019;9:e028796. doi:10.1136/
bmjopen-2018-028796
 ► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2018- 
028796).
Received 19 February 2019
Revised 11 October 2019
Accepted 16 October 2019
For numbered affiliations see 
end of article.
Correspondence to
Dr Nina Jacob;  
 Jacobn@ cardiff. ac. uk
Original research
© Author(s) (or their 
employer(s)) 2019. Re- use 
permitted under CC BY. 
Published by BMJ.
ABSTRACT
Objective To identify the core components of successful 
early warning systems for detecting and initiating 
action in response to clinical deterioration in paediatric 
inpatients.
Methods A hermeneutic systematic literature review 
informed by translational mobilisation theory and 
normalisation process theory was used to synthesise 82 
studies of paediatric and adult early warning systems 
and interventions to support the detection of clinical 
deterioration and escalation of care. This method, 
which is designed to develop understanding, enabled 
the development of a propositional model of an optimal 
afferent component early warning system.
Results Detecting deterioration and initiating action in 
response to clinical deterioration in paediatric inpatients 
involves several challenges, and the potential failure 
points in early warning systems are well documented. 
Track and trigger tools (TTT) are commonly used and 
have value in supporting key mechanisms of action but 
depend on certain preconditions for successful integration 
into practice. Several supplementary interventions 
have been proposed to improve the effectiveness of 
early warning systems but there is limited evidence 
to recommend their wider use, due to the weight and 
quality of the evidence; the extent to which systems are 
conditioned by the local clinical context; and the need 
to attend to system component relationships, which do 
not work in isolation. While it was not possible to make 
empirical recommendations for practice, the review 
methodology generated theoretical inferences about the 
core components of an optimal system for early warning 
systems. These are presented as a propositional model 
conceptualised as three subsystems: detection, planning 
and action.
Conclusions There is a growing consensus of the need 
to think beyond TTTs in improving action to detect and 
respond to clinical deterioration. Clinical teams wishing 
to improve early warning systems can use the model 
to consider systematically the constellation of factors 
necessary to support detection, planning and action and 
consider how these arrangements can be implemented in 
their local context.
PROSPERO registration number CRD42015015326.
InTROduCTIOn
Failure to recognise and act on signs of clin-
ical deterioration in the hospitalised child is 
an acknowledged safety concern.1 Track and 
trigger tools (TTT) are a common response 
to this problem. A TTT consists of sequen-
tial recording and monitoring of physiolog-
ical, clinical and observational data. When a 
certain score or trigger is reached then a clin-
ical action should occur including, but not 
limited to, altered frequency of observation, 
senior review or more appropriate treatment 
or management. Tools may be paper based or 
electronic and monitoring can be automated 
or undertaken manually by staff.
Despite the growing use of TTTs there is 
limited evidence of their effectiveness as a 
single intervention in reducing mortality 
or arrest rates in hospitalised children.2 3 
Results from the largest international cluster 
randomised controlled trial of a TTT (the 
Bedside Paediatric Early Warning System 
Strengths and limitations of this study
 ► The literature in this field is heterogeneous and bet-
ter at identifying system weakness than it is effec-
tive improvement interventions. By deploying social 
theories and a hermeneutic review methodology it 
was possible to develop a propositional model of the 
core components of an afferent component paediat-
ric early warning system.
 ► The model is derived from logical inferences draw-
ing on the overall evidence synthesis, social theories 
and clinical expertise, rather than strong empirical 
evidence of single intervention effectiveness.
 ► There is a growing consensus of the need to take a 
whole systems approach to improve the detection 
and response to deterioration in the inpatient paedi-
atric population and this paper offers an evidence- 
based framework for this purpose.
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Box 1 Mechanisms of translational mobilisation and their 
application to rescue trajectories14
Object formation—how people draw on the interpretative resources 
available to them within a strategic action field to create the objects of 
their practice. Enrolment into an escalation trajectory requires multiple 
examples of object formation beginning with construction of an indi-
vidual as at risk of deterioration and a regime of vital signs monitoring 
instigated, through recognition that the patient’s physiological status is 
a cause for concern, to the identification of the patient as requiring a 
specific intervention. How this is achieved is highly dependent on the 
features of the local strategic action field.
Translation—the processes that enable practice objects to be shared 
and different understandings accommodated. It points to the actions 
necessary in order for a patient that is an object of concern for nursing 
staff to be translated into a clinical priority for the doctor and, if neces-
sary, to be translated into the focus of intervention by the emergency 
response team.
Articulation refers to the secondary work processes that align the 
actions, knowledge and resources necessary for the mobilisation of 
projects of collective action. It is the work that makes the work, work. 
Responding to deterioration is time critical and articulation work is nec-
essary to ensure the availability of resources and materials to support 
clinical management. This is not a mundane observation; catastrophic 
failures in patient safety are often attributed to the lack of function-
ing equipment107 and the absence of monitoring equipment has been 
identified as a factor undermining the implementation of early warning 
track and trigger tools.48Attending to articulation in rescue trajectories 
also underlines the temporal ordering of action and the mechanisms 
required to achieve this, directing improvement efforts towards the or-
ganisation’s escalation policy, for example.
Reflexive monitoring refers to the processes through which people col-
lectively or individually appraise and review activity. In a distributed field 
of action, reflexive monitoring is the means through which members ac-
complish situational awareness108 of an overall project. The importance 
of situation awareness in rescue trajectories is well recognised, but 
achieving this is challenging. Reflexive monitoring is conditioned by the 
wider institutional context which will include a multiplicity of informal 
and formal mechanisms designed for this purpose: nursing and medical 
handovers, the ward round, safety briefings. The form, frequency and 
effectiveness of these processes in supporting detecting and acting on 
deterioration would need to be taken into account in any improvement 
initiative.
Sensemaking refers to the processes through which agents create or-
der in conditions of complexity. It draws attention to how the material 
and discursive processes by which members organise their work, ac-
count for their actions and construct the objects of their practice also 
give meaning and substance to the institutional components of strategic 
action fields that shape activity and condition future activity.
(BedsidePEWS)) did not support TTT use to reduce 
mortality, and highlighted the multifactorial mechanisms 
involved in detecting and initiating action in response 
to deterioration.4 These findings lend further weight to 
a developing consensus about the need to look beyond 
TTTs to the impact of wider system factors on detecting 
and responding to deterioration in the inpatient paedi-
atric population.2 5–9 This paper reports on a theoreti-
cally informed systematic hermeneutic literature review10 
to identify the core components and mechanisms of 
action of successful afferent component early warning 
systems (EWS) in paediatric hospitals and is one of three 
linked reviews undertaken as part of a wider UK study 
commissioned to develop and evaluate an evidence- based 
paediatric warning system.3 11 It addressed the following 
question:
 What sociomaterial and contextual factors are associated with 
successful or unsuccessful Paediatric Early Warning Systems 
(with or without TTTs)?
METhOd
design
We performed a hermeneutic systematic review of the 
relevant literature. A hermeneutic systematic review is an 
iterative process, integrating analysis and interpretation 
of evidence with literature searching and is designed to 
develop a better understanding of the field.10 The popu-
larity of the method is growing in health services research 
where it has value in generating insights from heteroge-
neous literatures that cannot be synthesised through stan-
dard review methodology12 and would otherwise produce 
inconclusive findings (see ref 9). The purpose of the 
review was not exhaustive aggregation of evidence, but 
to develop an understanding of the social, material and 
contextual factors associated with successful or unsuc-
cessful paediatric early warning systems (PEWS).
Theoretical framework
Data extraction and interpretation was informed by trans-
lational mobilisation theory (TMT)13 14 and normalisa-
tion process theory (NPT).15 16 TMT is a practice theory 
which explains how goal- oriented collaborative activity 
is mobilised in unpredictable environments (box 1) and 
how the relevant mechanisms of action are conditioned 
by the local context. It is well suited for understanding 
EWS which require the organisation of action in evolving 
conditions, in a variety of clinical environments, with 
different teams, skill mixes, resources, structures and 
technologies. NPT shares the same domain assump-
tions as TMT and is concerned with ‘how and why things 
become, or do not become, routine and normal compo-
nents of everyday work’,15 16 directing attention to the 
preconditions necessary for successful implementation of 
interventions. The theoretical framework informed our 
data extraction strategy, interpretation of the evidence 
and the development of a propositional model of an 
optimal paediatric early warning system.
Focus of the review
The literature in this field identifies four integrated 
components which work together to provide a safety 
system for at- risk patients: (1) the afferent component 
which detects deterioration and triggers timely and 
appropriate action; (2) the efferent component which 
consists of the people and resources providing a response; 
(3) a process improvement component, which includes 
system auditing and monitoring; and (4) an administra-
tive component focusing on organisational leadership 
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Figure 1 Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses (PRISMA) diagram (adapted from Moher 
et al109).
and education required to implement and sustain the 
system.17 Our focus was limited to the afferent compo-
nents of the system.
Stages of the review
Stage 1: scoping the literature
Literature was identified through a recent scoping review,7 
team members’ knowledge of the field, hand searches 
and snowball sampling techniques. The purpose was to 
(1) inform our review question and eligibility criteria 
and (2) identify emerging themes and issues. While we 
drew on several reviews of the literature5 12–14 we always 
consulted original papers. Data were extracted using data 
extraction template 1 (online supplementary appendix 
1) and analysed to produce a provisional conceptual 
model of the core components of paediatric early warning 
systems. Additional themes of relevance were identified: 
family involvement, situational awareness (SA), struc-
tured handover, observations and monitoring and the 
impact of electronic systems and new technologies.
Stage 2: searching for the evidence
We undertook systematic searches of the paediatric 
and adult EWS literature (the goals and mechanisms 
of collective action in detection and rescue trajectories 
are the same). For the adult literature we used the same 
search strategies but added a qualitative filter to limit the 
scope to studies most likely to yield the level of socioma-
terial and contextual detail of value to the review. Liter-
ature informing additional areas of interest was located 
through a combination of systematic and hand searches. 
Systematic searches (searches 2 and 3) were undertaken 
in areas where we anticipated locating evidence of the 
effectiveness of specific interventions to strengthen EWS. 
Theory- driven searches reflected the conceptual require-
ments of the model development.
Systematic searches
A systematic search was initially conducted across a range 
of databases from 1995 to September 2016 to identify 
relevant studies on the PEWS literature. This search 
was updated to cover literature from September 2016 
to May 2018. An additional three systematic searches 
were conducted from 1995 to September 2016 to iden-
tify supplementary papers to aid in developing under-
standing on the PEWS literature:
1. Adult EWS.
2. Interventions to improve SA.
3. Structured communication tools for handover and 
handoff.
Detailed information on the search methodology can 
be found in online supplementary appendix 2. Grey 
literature was excluded in order to keep the review 
manageable.
Theory-driven searches
Additional theory- driven searches were conducted in the 
following areas:
1. Family involvement.
2. Observations and monitoring.
3. The impact of electronic systems.
These were a combination of exploratory, comput-
erised, snowball and hand searches. As the analysis 
progressed, we continued to review new literature on 
EWS as this was published.
Screening
After removing duplicates 5284 references were identi-
fied for screening. A modified Preferred Reporting Items 
for Systematic Reviews and Meta- Analyses flow diagram 
is provided (figure 1). Papers were screened by title to 
assess eligibility and then by full text to assess relevance 
for data extraction. The PEWS and adult EWS searches 
were screened by two researchers, searches 2 and 3 were 
screened by the lead reviewer.
Stage 3: data extraction and appraisal
Data extraction template 2 (online supplementary 
appendix 3) was applied to all papers included in the 
review. As is typical of reviews of this kind, evidential frag-
ments and partial lines of inquiry formed the unit of anal-
ysis rather than whole papers.18 These fragments were 
quality assessed according to the contribution they made 
to the developing analysis rather than assessing the paper 
as whole through the use of formal appraisal tools. Data 
extraction and quality appraisal were undertaken concur-
rently and double checked by a second reviewer.
Stage 4: developing a propositional model
A propositional model was developed specifying the core 
ingredients of a paediatric early warning system (table 1). 
It comprises logical inferences derived from the theo-
retical framework and evidence synthesis, informed by 
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Table 1 Propositional model
Proposition Conceptual requirements
Detection Detection of 
deterioration depends 
on timely and 
appropriate monitoring 
of vital signs and 
relevant risk factors.
At a minimum, this requires:
 ► Staff are aware of which vital signs need to be monitored.
 ► Staff are aware of the minimum frequency of observations required for the 
children in their care.
 ► Staff are aware of the need to review the frequency of observations for children in 
their care.
 ► Staff are aware of additional clinical assessments required for children with prior 
risk factors.
 ► Monitoring tasks are allocated to staff members with appropriate skills to conduct 
them.
 ► Staff have access to appropriate equipment to accurately monitor vital signs, and 
conduct other clinical assessments.
 ► Staff are aware of roles and responsibilities for monitoring.
 ► Staff have time to conduct accurate, timely and appropriate monitoring of vital 
signs, alongside other work commitments.
 ► Staff concern is formally recognised as a valid indicator of deterioration.
 ► Staff are supported to develop and use their intuition in detecting signs of 
deterioration.
 ► Staff understand the value of family concerns in the detection of deterioration.
 ► Families are involved with defining normal physiological parameters for their 
child.
 ► Families receive guidance about what to do if they are concerned that their 
child’s condition is deteriorating.
 ► Staff keep families informed about developments in their child’s care and 
treatment.
Detection Detection of 
deterioration depends 
on timely and 
appropriate recording of 
signs of deterioration.
At a minimum this requires:
 ► Staff are aware of the need to record vital signs, family concern and staff concern 
promptly and accurately.
 ► Staff are aware of roles and responsibilities for recording vital signs, family 
concern and staff concern.
 ► Staff have appropriate skills to accurately record vital signs, family concern and 
staff concern.
 ► Staff have access to appropriate equipment to accurately record vital signs, 
family concern and staff concern.
 ► There are an appropriate number of staff to carry out required tasks.
Detection Detection of 
deterioration 
depends on timely 
and appropriate 
interpretation of signs of 
deterioration.
At a minimum this requires:
 ► Staff are aware of prior factors that increase children’s risk of deterioration (eg, 
premature birth).
 ► Staff are aware of roles and responsibilities for interpreting signs of deterioration.
 ► Staff take into account vital signs, family concern and staff concern in assessing 
the condition of children in their care.
 ► Teams have appropriate skills to discern patterns and trends of signs and 
symptoms.
 ► Staff have the opportunity to learn how to interpret signs of deterioration from 
shadowing more senior staff.
 ► Care is organised to enable staff to recognise patterns and trends for children.
 ► Families are in a position to discern patterns of signs and symptoms in their child.
Planning Planning depends on 
reviewing indicators of 
deterioration for each 
patient.
At a minimum this requires:
 ► For each child, all indicators of deterioration are brought together and kept up to 
date.
 ► There is a regular mechanism for reviewing the status of all children in the ward to 
identify those children who are a concern.
 ► There is a regular mechanism for reviewing staffing levels and skills mix, 
workload, acuity and admissions.
Continued
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Proposition Conceptual requirements
Planning Planning depends on 
staff being aware at 
ward level of the status 
of individual patients 
and the availability of 
skills and resources, 
and preparing an 
appropriate response.
At a minimum this requires:
 ► There is a regular mechanism for communicating the review of all children, 
staffing levels and other resources to the rest of the team and senior managers.
 ► There is a regular mechanism for planning appropriate response to deterioration.
 ► Senior staff members are allocated responsibility for managing demand and 
resources.
 ► Senior staff members are allocated responsibility for communicating response 
plans.
 ► There is an action plan for children at risk of deterioration which is shared with 
families and staff caring for them.
Action Action depends on clear 
escalation and response 
processes.
At a minimum this requires:
 ► A trigger or prompt to act from detection or planning phases.
 ► Clearly defined graded escalation and response procedures—agreed at 
organisational level.
 ► Staff receive guidance about how to escalate and respond.
 ► Staff understand their roles and responsibilities in the escalation procedure as 
activators and responders.
 ► Staff are encouraged and supported in raising concerns.
 ► Families are encouraged and supported in raising concerns.
 ► Staff are able to communicate information across professional hierarchies using a 
structured approach to sharing information.
 ► Clear structures to support action, including the use of a ‘no false alarms’ policy 
so staff are not deterred from escalating care.
Action Action depends on 
evaluation.
At a minimum this requires:
 ► Escalation and response processes are reviewed to promote learning.
 ► There is opportunity for staff to discuss differences of opinion in the need for 
escalation.
 ► No blame is assigned to those who escalate.
Table 1 Continued
clinical experts on the team. Iterations of the model were 
developed in collaboration with clinical colleagues. A 
series of face- to- face meetings were conducted to review 
structure, wording and applicability to clinical practice.
Patient and public involvement
This review was conducted as part of a larger mixed 
methods study (ISRCTN 94228292), which used a formal, 
facilitated parental advisory group. The group comprised 
parents of children who had experienced an unexpected 
adverse event in a paediatric unit and provided input 
which helped shape the broader research questions and 
wider contextual factors to consider, specifically within 
the family involvement element of the system. The results 
of the review will be disseminated to parents through this 
group.
RESulTS
Included studies
Eighty- two papers were included in the review. Forty- six 
papers focused on TTT implementation and use in paedi-
atric and adult contexts (24 from the paediatric search 
and the remaining 22 from the adult- focused search); the 
remaining 36 papers contributed supplementary data on 
factors related to the wider warning system. See table 2 
for a detailed breakdown of this process. No studies 
were located that adopted a whole systems approach to 
detecting and responding to deterioration.
Analysis
In TMT the primary unit of analysis is the ‘project’, 
which defines the social and material actors (people, 
materials, technologies) and their relationships involved 
in achieving a particular goal. The goals of the afferent 
paediatric warning system are: first, that the child is 
identified as at risk and a vital signs monitoring regime 
instigated; second, that evidence of deterioration is iden-
tified through monitoring and categorised as such; and 
third, that timely and appropriate action is initiated in 
response to deterioration. Our analysis of the litera-
ture suggests that three subsystems within the afferent 
component of EWS support these processes: the detection 
of signs deterioration; the planning needed to ensure 
teams are ready to act when deterioration is detected; 
and the initiation of timely action. While we have focused 
on the afferent component, it is important to remember 
that all elements of the overall safety system (efferent 
component, process improvement and administrative 
arm) need to be working in concert in order to maintain 
an optimal paediatric early warning system. In the next 
section, we report on the literature in relation to each 
subsystem.
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Table 2 Screening breakdown
PEWS EWS
Structured 
handover
Situational 
awareness
Electronic 
systems
Observations 
and monitoring
Family 
involvement
Snowball 
sample
Database 
searching
3564 1155 3369 302 – – – –
Additional 
sources
83 7 150 46 – – – –
Records after 
duplicates 
removed
2194 751 2156 199 – – – –
Hand 
searches
431 – – – 26 20 15 5
Title 
screening
90 751 2156 199 26 20 15 5
Abstract 
screening
62 106 N/A N/A 26 20 15 5
Full paper 
screening
39 65 37 26 26 20 15 5
Included in 
syntheses
24 22 4 6 10 2 9 5
EWS, early warning system; N/A, not applicable; PEWS, Paediatric Early Warning System.
detection
The goal of the detection subsystem is to recognise early 
signs of deterioration, so the child becomes the focus of 
further clinical attention. This requires, first, that the 
child is identified as at risk and a vital signs monitoring 
regime instigated and, second, that the child is identified 
as showing signs of deterioration.
Despite widespread use, the evidence on TTT effec-
tiveness in predicting adverse outcomes in hospitalised 
children is weak.3 Many TTTs have only been validated 
retrospectively and postpredictive values were generally 
low. Studies reporting significant decreases in cardiac 
arrest calls or mortality had methodological concerns. The 
literature does suggest that TTTs have value in supporting 
process mechanisms in the detection subsystem. Vital 
signs monitoring is undertaken on all hospital inpatients 
and, like other high- volume routine activity, is often dele-
gated to junior staff19–38 who may not have sufficient skills 
to interpret results.21 22 37 TTTs have value in mitigating 
these risks: by specifying physiological thresholds that 
indicate deterioration they take knowledge to the bedside 
and act as prompts to action19 39 which can lead to a more 
systematic and frequent approach to monitoring and 
improved detection of deterioration.40 41
TTT’s effectiveness in fulfilling these functions depends 
on certain preconditions. The review highlighted that 
TTT use was impacted by the availability of appropriate 
and functioning equipment,22 27 29 34 39 42–46 (in)adequate 
staffing and night- time pressures22 26 29 30 37 40 42–44 47–52 and 
an appropriately skilled workforce.26 28 36 43 49 50 53–57 On 
this latter point, while several papers report on education 
packages to improve the detection of deterioration, the 
evidence is not robust enough to recommend specific 
programmes.23–25 28 30 35 55 58–60 There were also times 
whereby nursing staff prioritised sleep over waking a 
patient to take vital signs.46 61
TTTs are also used differently depending on the experi-
ence of the user. For juniors, they provide a methodology 
and structure for monitoring clinical instability and iden-
tifying deterioration, whereas more experienced staff 
reportedly use TTTs as confirmatory technologies.19–32 
The importance of professional intuition in detecting 
deterioration is extensively reported across the litera-
ture19–22 26 27 29 31 32 36–40 42 43 45 46 48 50–53 60 62–68 and several 
authors recommend the inclusion of ‘staff concern’ in 
tool criteria.26 48 51 57 This is important; TTTs may be of 
less value in patients with chronic conditions because 
of altered normal physiology or where subtle changes 
are difficult to detect.64 It is also the case that TTTs are 
implemented in contexts governed by competing organi-
sational logics which impact on their value and use.43 54 58 
For example, Mohammed Iddrisu et al57 show TTTs have 
limited value immediately after surgery because accept-
able vital sign parameters are different in the immediate 
postoperative period.
There is growing interest in the literature in strategies 
that facilitate patient and relative involvement in the 
early detection of deterioration.69 70 Healthcare profes-
sionals depend on families to explain their child’s normal 
physiological baseline and identify subtle changes in 
their child’s condition but this information is not always 
systematically obtained.71 72 Some authors propose family 
involvement in interdisciplinary rounds (This is an edito-
rial paper),73 but this requires parents to have detailed 
information about the signs and symptoms they should 
be attending to72 and as yet there is little evidence on 
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effective strategies for how they might be involved in the 
detection of deterioration.73
While much of the literature reports on intermittent 
manual vital signs monitoring and paper- based recording 
systems, across the developed world there is a growing 
use of electronic technologies, which have important 
implications for the wider detection subsystem.74 We 
considered a number of evaluations of new technologies 
which indicated that electronic vital signs recording is 
associated with a number of positive outcomes, particu-
larly timeliness and accuracy, when compared with paper- 
based systems.75 76 They can provide prompts or alerts 
for monitoring,77–79 which facilitates better recognition 
of deterioration and is associated with a reduction in 
mortality.78 80 These studies tend to evaluate new technol-
ogies in isolation, however, and do not engage with the 
literature highlighting alarm fatigue which is known to 
mitigate effectiveness over time or concerns about over-
burdening staff with alerts.81–83 Moreover, the successful 
implementation of new technologies is conditioned by 
the local context. For instance, where manual input into 
an electronic device is required, access to computers is an 
essential precondition. When computers were not avail-
able, staff ‘batch’ the collection of vital signs before data 
entry, thereby delaying the timely detection of deteriora-
tion.27 45 84 In another study where the electronic system 
was found to be cumbersome and separated the collec-
tion and entry of data from the review of vital signs, verbal 
reports were favoured to ensure timely communication of 
information.85 See table 3 for a summary of the evidence 
reported.
Planning
Detecting and responding to deterioration involves 
the coordination of action in conditions of uncertainty 
and competing priorities. The goal of the ‘Planning’ 
subsystem is to ensure the clinical team are ready to act 
in the event of evidence of deterioration and is reflected 
in the growing interest in the literature on structures to 
facilitate team SA, group decisions and planning.62
TTTs have been found to support SA. Their use enabled 
clinicians to have a ‘bird’s- eye’ view over all admitted 
patients on a ward as well as encouraging staff to consider 
projected acuity levels of the ward.86 A number of studies 
also report on ‘huddles’ in facilitating SA.32 65 87 88 A 
huddle is a multidisciplinary event scheduled at predeter-
mined times where members discuss specific risk factors 
around deterioration and develop mitigation plans. 
One study combined the introduction of huddles with a 
‘watchstander’, a role fulfilled by a charge nurse or senior 
resident, whose primary function is to know patients at 
high risk for deterioration.88 These initiatives were associ-
ated with a near 50% reduction in transfers from acute to 
intensive care determined to be unrecognised situation 
awareness events. A further strategy identified by Gold-
enhar et al describes the use of the ‘watcher’ category 
to designate a patient as at risk where staff have a ‘gut 
feeling’ deterioration is likely.87 A recent study used the 
category of ‘watcher’ to create a bundle of expectations 
to standardise communication and contingency plan-
ning. Once a patient was labelled ‘a watcher’ a series of 
five specific tasks, such as documentation of physician 
awareness of watcher status and that the family had been 
notified of the change in the patient’s status, needed to 
be completed within 2 hours.89
Handovers are integral to clinical communication and 
contribute to SA. The extensive literature on handover 
indicates that information sharing can be of variable 
quality47 54 90 and there is growing evidence that structured 
approaches improve this.30 47 54 63 87 90–94 Ranging from a 
checklist system91 93 to a cognitive aid developed through 
consensus,23 94 most of the published interventions are 
variations of the Situation- Background- Assessment- 
Recommendation (SBAR) tool.54 90–92 While effective 
handover depends on communicative forms that extend 
beyond the information transfer that is typically the focus 
of structured handover tools,90 in the context of EWS a 
lack of standardisation allows greater margin for individu-
alistic practices and difﬁculties accessing complementary 
knowledge and establishing shared understandings.47
There is also a literature on the use of common infor-
mation spaces—such as whiteboards—in facilitating SA in 
the healthcare team.23 33 47 53 55 58 67 These should be in 
a visible location and colour coded to correspond with 
the TTT score, where relevant.47 55 58 Electronic systems 
automate this information and allow information to be 
reviewed remotely. However, they disconnect vital signs 
data from the patient and hence other indicators of clin-
ical status and access to data is contingent upon the avail-
ability of computers.27 45 47 84 95
The literature indicates that SA can be facilitated in 
different ways in different contexts and it is the relation-
ship between system elements that is important.47 In their 
study on SA in delivery suites, Mackintosh et al discuss the 
three main supports for SA—whiteboard, handover and 
coordinator role—and illustrate how these interacted 
in organisations with strong SA compared with those 
with reduced levels. Crucially, this ‘interplay’ between 
the different activities was highly context dependent; 
‘the same supports used differently generate different 
outcomes’ (p 52).47 See table 4 for a summary of the plan-
ning evidence.
Action
The goal of the ‘Action’ subsystem is to initiate appro-
priate action in response to evidence of deterioration. 
The literature suggests that mobilising action across 
professional boundaries/hierarchies is challenging, with 
differences in language between doctors and nurses and 
power dynamics contributory factors.27 40 41 50 52 57 60 96 
TTTs are in part a response to the challenges of commu-
nication in mobilising action in response to deteriora-
tion. By transforming a series of discrete observations into 
a summative indicator of deterioration—such as a score 
or a trigger—TTTs ‘translate’ and package the patient’s 
status into a form that can be readily communicated 
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enabling individual- level clinical data to be synthesised, 
made sense of and shared.19–29 33 39 41 42 46 48 50 51 56 62 66 74 86 
One study, however, found that TTTs were regarded as 
a nursing tool and were therefore not valued by clini-
cians. Consequently, nurses encountered difficulties in 
summoning a response.46
Several studies also report on the use of SBAR in this 
context. Like TTTs, SBAR translates information into a 
form that provides structure, consistency and predictability 
when presenting patient information. SBAR has been 
shown to help establish common language and expecta-
tions, minimising differences in training, experience and 
hierarchy and facilitating nurse–clinician communica-
tion. While several papers advocate combining SBAR with 
TTTs,23 25 27 30 35 45 50 none specifically evaluated SBAR use. 
Mackintosh et al highlight that audit data suggest resis-
tance to SBAR, with others cautioning that overextending 
SBAR use carries the risk of SBAR fatigue and attenuation 
of its effects.27
Structured communication tools like TTTs and SBAR 
do not solve all the challenges of acting in response to 
evidence of deterioration. Barriers to action were widely 
reported in the literature where these tools were in 
place. These include: a general disinclination to seek 
help,19–22 25 27 29 31 36–39 42 48 50 51 56 64 67 concerns about 
appearing inadequate in front of colleagues20 22 36 38 50 67 
and failure of staff to invest in the escalation or calling 
criteria.21 22 49 A number of papers also reported nega-
tive attitudes to rapid response team (RRT) or medical 
emergency team (MET) use in the efferent compo-
nent of safety systems. METs and RRTs operate outside 
the immediate medical team and create different issues 
in paediatric warning systems than when the escala-
tion response is managed by the treating team. These 
include a reluctance to activate because of the perceived 
busyness of paediatric intensive care unit or medical 
staff,20 29 39 48 50 51 because previous expectations about an 
appropriate response were not met, or a sense that the 
situation was under control (particularly when the physio-
logical instability is in the area of expertise of the treating 
team).22 29 31 38 42 50 52 64
No literature reported on successful interventions 
to facilitate RRT use, but several propose strategies 
to support escalation where there was no designated 
response team in place in the efferent component. These 
include informal peer support, where inexperienced staff 
team up with more experienced staff21 29 50 64 67; clear struc-
tures to support action and a supportive culture that does 
not penalise individual decision- making, including the 
use of a ‘no false alarms’ policy so staff are not deterred 
from escalating care.21 29 36 73 Senior leadership is consis-
tently identified as important8 20–23 25 27 30 32 33 35 47 52 58 66 67; 
lack of support from superiors meant that staff are less 
likely to escalate and more likely to adhere to hierarchies 
within the current system.25 40 66 There is some evidence to 
suggest that any escalation policy should be linked to an 
administrative arm that reinforces the system, measures 
outcomes and works to ensure an effective system.27 30
There is a small literature on family involvement in the 
Action subsystem. Several studies report on Condition- 
Help, a programme developed in the USA to support 
families to directly activate an RRT if they have concerns 
about their child’s condition. Families are also becoming 
increasingly recognised as playing a key role in the acti-
vation of RRTs in Australia.97 Research has evaluated the 
appropriateness of calls that were made by patients or 
relatives33 97–101 but has not considered why calls were not 
made.70 Involving family members in escalation demands 
vigilance, requiring them to take a proactive and inter-
active role with staff with potentially some degree of 
confrontation, particularly if challenging the appro-
priateness of decisions taken.73 97 Families need both 
cognitive and emotional resources to raise concerns that 
involve negotiating hierarchies and boundaries.35 70 The 
literature points to a degree of professional resistance to 
family involvement in activation, with reports of physi-
cian concern that their role would be undermined, that 
resources would be stretched with an increase in calls 
and that it might divert attention away from those in 
need71 97 99 102 103 although these fears are not supported 
by the evidence.71 102 104 See table 5 for a summary of the 
evidence relating to the action component of the model.
Synthesis and model development
The literature in this field is heterogeneous and stronger 
on the sociomaterial barriers to successful afferent 
component paediatric early warning systems than it is on 
solutions. While a number of different single interven-
tions have been proposed and some have been evaluated, 
there is limited evidence to recommend their use beyond 
the specific clinical contexts described in the papers. This 
reflects both the weight and quality of the evidence, the 
extent to which paediatric systems are conditioned by the 
local clinical context and also the need to attend to the 
relationship between system components and interven-
tions which work in concert not in isolation. There is also 
a growing realisation in the quality improvement field that 
an intervention that has been successful in one context 
does not necessarily produce the same results elsewhere 
which cautions against a ‘one size fits all’ approach.105 106
While it is not possible to make empirical recommen-
dations for practice, a hermeneutic review methodology 
enabled the generation of theoretical inferences about 
the core components of an optimal paediatric early 
warning system. These model components are logical 
inferences derived from an overall synthesis of the 
evidence, informed by our theoretical framework and 
clinical expertise. These are presented as a propositional 
model conceptualised as three subsystems: detection, 
planning and action (see table 1).
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warning system.3 Drawing on TMT and NPT, we have 
synthesised and analysed the findings from the review to 
develop a propositional model to specify the core compo-
nents of optimal afferent component paediatric early 
warning systems. While there is a growing consensus of 
the need to think beyond TTTs to consider the whole 
system, no frameworks exist to support such an approach. 
Clinical teams wishing to improve rescue trajectories 
should take a whole systems perspective focused on the 
constellation of factors necessary to support detection, 
planning and action and consider how these relation-
ships can be managed in their local setting. TTTs have 
value in paediatric early warning systems but they are 
not the sole solution and depend on certain precondi-
tions for their use. An emerging literature highlights 
the importance of planning and indicates that combina-
tions of interventions may facilitate situation awareness. 
Professional judgement is also important in detecting 
and acting on deterioration and the evidence points to 
the importance of a wider organisational culture that is 
supportive of this. Innovative approaches are needed to 
support family involvement in all aspects of paediatric 
early warning systems, which are sensitive to the cognitive 
and emotional resources this requires. System effective-
ness requires attention to the sociomaterial relationships 
in the local context, senior support and leadership and 
continuous monitoring and evaluation. New technolo-
gies, such as moving from paper- based to electronic TTTs, 
have important implications for all three subsystems and 
critical consideration should be given to their wider 
impacts and the preconditions for their integration into 
practice.
limitations of the review
The literature in this field is heterogeneous and better at 
identifying system weakness than it is effective improve-
ment interventions. It was only by deploying social theo-
ries and a hermeneutic review methodology did it prove 
possible to develop a propositional model of the core 
components of an afferent component paediatric early 
warning system. This model is derived from logical infer-
ences drawing on the overall evidence synthesis, social 
theories and clinical expertise, rather than strong empir-
ical evidence of single intervention effectiveness. Conse-
quently, there is a growing consensus of the need to take 
a whole systems approach to improve the detection and 
response to deterioration in the inpatient paediatric 
population.
COnCluSIOn
Failure to recognise and act on signs of deterioration is an 
acknowledged safety concern1 and TTTs are a common 
response to this problem. There is, however, a growing 
recognition of the importance of wider system factors on 
the effectiveness of responses to deterioration.5 7 We have 
reviewed a wide literature and analysed this using social 
theories to develop a propositional model of an optimal 
afferent component paediatric early warning system that 
can be used as a framework for paediatric units to evaluate 
their current practices and identify areas for improve-
ment. TTT use should be driven by the extent to which 
teams think that they will help improve the effectiveness 
of their system as a whole.
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